Members of the family Enterobacteriaceae have been isolated from raw wastewater, identified, and characterized with respect to their plasmid content and antibiotic resistance. Several strains possessing both antibiotic resistance and high-molecular-weight plasmid(s) transferred their resistance characteristics to recipient cells during a 25 h coincubation. Eight were characterized (six Escherichia coli and two Klebsiella pneumoniae); each produced 102 to 107 transconjugants per ml by the end of the incubation period. They were also able to mobilize pBR325 from a laboratory E. coli strain into plasmid-free recipients to yield 102 to 107 transconjugants per ml. These transconjugants possessed phenotypic characteristics specified by pBR325, the R plasmid, and the chromosome of the recipient. Many transconjugants exhibited recombinational rearrangements of the acquired plasmid material.
The consequences that might result from the introduction of microorganisms containing genetically engineered DNA sequences (GEDS) into natural environments will depend in part on the stability of the GEDS introduced into the bacterium. Organisms used in laboratory research may or may not survive particularly well under natural conditions (3, 5, 9, 10) . If the engineered cells come in contact with indigenous organisms, it would facilitate the transfer of the GEDS into a secondary host. This transfer could increase the possibility for survival of the DNA sequences. The ability of plasmid DNA to transfer or be mobilized between different strains of the same species or between bacterial species has been repeatedly demonstrated (2, 6, 8, [11] [12] [13] [14] . On the basis of previous demonstration that the mobilization of plasmids pBR322 and pBR325 in sterilized wastewater requires the presence of a bacterium containing a selftransmissible plasmid (7) , conjugation seems to be the most likely GEDS transfer process to occur in natural fluid environments.
The combination of high bacterial titers and rich medium makes the wastewater treatment facility a likely site in which DNA mobilization by conjugation might occur. Genetically engineered microorganisms released accidentally or deliberately into the environment would probably reach the processing plant. We previously demonstrated that indigenous wastewater organisms are capable of functioning as recipients for pBR322 and pBR325 plasmid vectors (7) . Although the plasmid vectors are not self-transmissible, they are readily mobilized by Escherichia coli containing the conjugative R100-1 plasmid. Mobilization of these plasmids will occur in either L broth or sterilized wastewater. The recipient cell need not be completely free of plasmids to obtain and maintain donated DNA sequences.
We report here that indigenous mobilizers, capable of mobilizing pBR325 into an indigenous wastewater recipient, are also present in wastewater. Thus, these results suggest that to initiate the process of recombinant DNA transfer in the environment, the only missing component is the laboratory donor strain. * Corresponding author.
MATERIALS AND METHODS
Bacterial strains and identification. All strains used are listed in Table 1 . Indigenous wastewater strains were obtained from influx wastewater samples collected at the Philadelphia Southwest Wastewater Pollution Control Plant. Samples were collected in sterilized containers. Total aerobic bacterial counts were obtained on L agar or nutrient agar incubated at 37°C. Individual colonies to be used for characterization purposes were transferred onto fresh L agar plates. Gram stain analysis was performed on isolated colonies grown for 8 h on L agar. Bacteria identified as gram negative were plated on MacConkey agar for final confirmation. Bacterial identification was made by using the Minitek Enterobacteriaceae II kit (BBL Microbiology Systems) and the Minitek user handbook.
Media and growth conditions. L broth (10 g of NaCl, 10 10 -cm gel and 1.0 to 1.5 h for a 5-cm mini gel. Plasmid molecular weight standards were electrophoresed on the same gel as the samples. Gels were stained with ethidium bromide (1.0 ,ug/ml), destained, and photographed with UV illumination (302 nm) on Polaroid 665 (P/N) film.
RESULTS
Organisms were isolated from raw wastewater and analyzed for their resistance to several common antimicrobial agents (Table 2 ). This treatment facility receives approximately one half of its waste from residential and the other half from industrial sources. Approximately 10% of the isolates which were able to grow on nutrient agar (under aerobic conditions) exhibited resistance to ampicillin, a percentage that was an order of magnitude greater than that observed for any other resistance marker. Approximately 35% of all members of the family Enterobacteriaceae tested demonstrated resistance to ampicillin, indicating that the resistance is even more common among these organisms than it is for the nonenteric organisms ( Table 3 ). The frequency of multiply resistant organisms was quite low, but several hundred bacteria per ml were resistant to at least two antibiotics. All tests with three antibiotics resulted in the survival of <0.01% of the total organisms. The demonstration of a sizable number of bacteria resistant to antibiotics, coupled with the common presence of antibiotic resistance genes on plasmids, suggested that many bacteria would contain plasmids and, among these, several capable of mobilizing nontransmissible plasmids would be observed.
We classified 110 enteric organisms isolated from raw wastewater (Table 4 ) and then selected from this sample 52 after a 25-h incubation. In all cases, more transconjugants were observed when the laboratory rather than the wastewater E. coli strain was used as the recipient. The mobilizer isolates were tested for their ability to mobilize the plasmid pBR325 from E. coli PRC 450 in L broth (Table 6 ) and sterilized wastewater (Table 7) . Transconjugants were selected on the basis of the acquisition of plasmid-encoded antibiotic resistance characteristics from both pBR325 and the R plasmid, while retaining the Nalr of the recipient strain. In several cases, more transconjugants were observed when E. coli 343 was used as the recipient than when X1997 was used. The number of observed transconjugants was about the same when wastewater was used for the coincubation medium instead of L broth. Interestingly, it was apparent that some mobilizer isolates performed better in L broth, while others were more effective in wastewater.
The plasmids from individual transconjugant colonies were isolated and electrophoresed. Representative results are shown in Fig. 1 and 2 . Figure 1 shows a 0.7%-agarose gel containing the plasmids from transconjugants of a coincubation of mobilizer isolate A38, with pBR325-donor PRC 450, and recipient E. coli 343. The plasmids contained in the mobilizer (lane A) have apparent molecular sizes of 63, 60, and 2.5 megadaltons (MDa). The donor (lane C) contains pBR325 multimers with apparent molecular sizes of 6, 9.3, and 11 MDa (the distribution of pBR325 in PRC 450 is b All organisms were tested for resistance to ampicillin, chloramphenicol, tetracycline, and streptomycin (0, no resistance, +, resistant to at least one antibiotic). Transconjugants were selected by using the following antibiotics: ampicillin, chloramphenicol, and nalidixic acid for mobilizers 305, 306, Al, A34, A38, and A42, and chloramphenicol, tetracycline, and nalidixic acid for A37.
shows the presence of a single large plasmid, while that in lane A contains only smaller plasmids, including the monomer of pBR325 not obs'erved in the donor strain. DISCUSSION Waste treatment facilities provide an excellent locale for the transmission of conjugative plasmids (8) and therefore should also enable the mobilization of nonconjugative plasmids. The characteristics which are required of plasmid mobilizers and recipients indigenous to raw wastewater should be those found in laboratory organisms' of similar function. Common among laboratory mobilizers is the presence of a conjugative plasmid. The resistance to antibiotics or heavy metals in natural isolates may act as an indicator of the capabilities of an organism in plasmid mobilization.
Although many toxic substances are present in wastewater, there are also many organisms resistant to these substances. Indeed, in some cases the wastewater treatment processes appear to enrich for bacteria which are resistant to antibiotics (P. A. Rusin and N. A. Sinclair, Abstr. Annu. Meet. Am. Soc. Microbiol. 1985, N48, p. 225). (Similar enrichment has also been observed in a drinking-water treatment facility [1].) Resistance characteristics are highly mobile because they frequently are located in transposons. Many transposons are located on conjugative plasmids, thus enhancing the mobility of the resistance characteristics. The ability of transposons to become incorporated into the host chromosome of some organisms aids in the stabilization of the resistance genes, decreasing the interspecies mobilization only in the sense that ch'romosomal mobilization occurs less frequently than does plasmid transfer. Resistance gene mobility not only results in the survival of the initial resistant organism, but also provides for the establishment of the gene in the population because of its distinct selective advantage.
This selective advantage may account for the high level of natural resistance' to certain antibiotics, e.g., ampicillin, which we observed. This suggests that either ampicillin, or some other chemical analog of penicillin, exists in the wastewater to provide a selective advantage, or that another gene which is closely linked to the P-lactamase gene, e.g., a heavy metal resistance -gene, is being environmentally selected. The introduction of an engineered bacterium into the waste treatment facility potentiates the transfer of a naturally occurring conjugative plasmid into the GEDScontaining laboratory strain. The acquisition of resistance genes may increase the survival of the laboratory strain in the wastewater environment. Increased survival would also enhance the interaction between the laboratory strain and members of the indigenous bacterial community to enable the transfer of the GEDS into a secondary host.
The mobilization of GEDS may yield an environmental problem.' To date, we have no way of precisely predicting the ultimate effect of the sequences on a bacterium. The acquisition of foreign DNA could allow for the expression of repressed genes, which might function synergistically with other proteins present to alter such characteristics of the organism as the spectrum of utilizable nutritive sources or the properties of the'capsular material. Such changes would affect the interactions of the bacterium with other organisms and with the environment.
We have now isolated several indigenous mobilizing strains from raw wastewater. These mobilizers were found in more than one enteric species; each mobilizer was capable of transferring pBR325 into a recipient E. coli cell. The mobilization took place either in L broth or in sterilized wastewater. (Indeed, mobilization will occur even if the GEDS contains sequences from herpes simplex virus and is MDa (a dimer), while (c) and (d) are bands at 11 and 9.3 MDa, respectively. Lanes D through F, transconjugants resulting from a coincubation of A38, PRC 450, and E. coli x1997. Note that there are many differences observed between individual isolates of this coincubation. Lane D demonstrates plasmid material at approximately 65 MDa, several bands between 15 and 30 MDa, and distinct bands at 6 and 11 MDa. Lane E demonstrates plasmids at 3.6 (the size of the monomer of pBR325), 6, 9.3, and 11 MDa, but no large-molecular-size material, yet it does have antibiotic resistance characteristics typical of the mobilizer strain. Lane F demonstrates plasmid material at 9.3, 11, and 30 MDa, suggestive of multimers of pBR325 as well as a plasmid resulting from the interaction of a high-molecular-weight plasmid and the pBR325. 
